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ABSTRACT
Little is known about the role of active school travel (AST) on mental health among adolescents. Thus, this study
aimed to explore the AST-depression association among adolescents aged 12–15 years from 26 low- and middle-
income countries (LMICs). Data from the Global School-based Student Health Survey were analyzed in
51,702 adolescents [mean (SD) age 13.8 (1.0) years; 49.3% boys). Both depressive symptoms and AST were
assessed by a single question self-reported measure, respectively. Participants who reported having 5 days or
above were considered as AST. Multivariable logistic regression analysis (accounting for sampling weights)
was performed while controlling for gender, age, physical activity, sedentary behavior, and food insecurity, and
a countrywide meta-analysis was undertaken. The prevalence of depressive symptoms and AST were 30.1%
and 37.0%, respectively. Compared with those not having AST, adolescents with AST were less likely to
have self-reported depressive symptoms (OR = 0.88, 95%CI: 0.85-0.93) regardless of gender. Countrywide
meta-analysis demonstrated that having AST versus not having AST was associated with 12% lower odds for
depressive symptoms (OR = 0.88; 95%CI: 0.82-0.94) but with a moderate between-country heterogeneity
(I2 = 59.0%). Based on large samples of adolescents from LMICs, it would be expected that AST may play a critical
role in preventing adolescent depression worldwide. However, it is necessary to consider more country-specific
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factors when implementing AST-related mental health interventions. Future studies should adopt the solid study
design to confirm or negate our research findings.
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1 Introduction
Adolescent depression is a common mood disorder that causes loss of interest, sleep deprivation,
substance use disorder, feelings of sadness, and suicidal ideation, which can interfere with daily activities
and academic performance among children and adolescents [1,2]. Data from the Global Disease Burden
has indicated that the global prevalence of depressive symptoms is relatively high worldwide [1,2], for
example, 7.1%–19.4% in 11 European countries (adolescent sample) [3]. Adolescent depression is
associated with multiple adverse outcomes and preventing/managing this during adolescence is of great
importance to adults’ mental health [4]. A meta-analysis of 11 pooled cohorts found that adolescents with
depression had 2.78 times increased odds of depression in their adulthood [4]. There is an increasing
recognition that non-genetic risk factors play an integral role in the development of depression and may
offer a potential opportunity to prevent depression [5].
Physical activity (PA) has been increasingly recognized as a part of healthy lifestyle behaviors that can
protect against depressive symptoms among adolescents [6–10]. Furthermore, converging evidence
consistently shows that an increase in PA level is associated with a reduced level of depressive
symptoms. For example, a Norwegian study indicated that physically active adolescents were more likely
to have a lower probability of being depressed, after controlling for some sociodemographic and other
lifestyle behavior factors [11]. Similar results were also found in a study using population-based sample
of Canadian adolescents (controlling for age, sex, ethnicity, and parental education) [12]. These cross-
sectional studies with self-report data are further corroborated by a seminal longitudinal study using
accelerometers to measure PA level (total PA was recorded as count per minute [CPM]) at around
12 years, 14 years, and 16 years of age [13]. More specifically, researchers found lower odds for
depression scores were associated with a 15min/day increase in moderate-to-vigorous PA in adolescents
(adjusted odd ratio < 1) [11].
Active school travel (AST), which refers to, generally, human-powered transport modes, such as
walking, cycling, wheeling, scootering, or skateboarding, to travel between school and home [14], as one
essential source of PA, has received increasing attention in recent years and has been investigated in
association with psychological well-being among adolescents. In adults, a systematic review indicated the
positive roles of active travel in reducing depression, but such topic among adolescents requires further
investigation [15,16]. Against this background, researchers have theoretically proposed that a negative
association between depression level and AST may be attributed to two things [17]. First, AST provides
youths with the opportunity to engage in activities that can directly increase PA level [18], which could
be, in turn, linked with decreased depressive symptoms [19]. Second, as a daily behavior, AST occurs
commonly and easily, which has been associated with positive affection and reduced negative emotions
due to social interaction and environmental relationships. In particular, adolescents with lower
socioeconomic status are more likely to have AST relative to their counterparts [20–23]. Presumably,
adolescents from LMICs are more likely to engage in AST. Within this theoretical foundation, a study
using Chinese nationally representative samples found that participants with AST had lower odds of
being depressed [24]. Recently, a cross-sectional study in Shanghai City (China) also supported the
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assumption that AST may reduce depressive symptoms among adolescents in grades 7–9 [19], whereas
adolescents without AST were more likely to be depressed [19]. Such findings have been replicated in
Canadian adolescents [25].
Admittedly, the most noticeable limitation is that previous studies’ findings were based on single country
or city [19,24], which limits the generalization because of being conducted in a specific setting [26].
Consequently, multinational studies would allow researchers gain insights into the relationships between
AST and depressive symptoms, offering insights concerning public health messages for mental well-being
promotion at a more global level. As suggested by a review [17], the AST role in promoting mental
health may vary by social and geographical factors. It is, therefore, expected that pattern on the
relationship between AST and depressive symptoms may be different across countries or regions. Indeed,
a multinational study would allow comparison between various nations so that more specific policies can
be adopted for mental health promotion among the adolescents. Last but not least, there is limited
evidence on associations between AST and mental health (depression) from low- and middle-income
countries (LMICs). Owing to income disparity across these countries, motorized lifestyles including being
driven to school may not be an option. Instead, adolescents in LMICs are more likely to be active
commuters between home and school (i.e., walking or cycling to school). In this regard, if the association
between AST and depressive symptom among those who are in LMICs can be evaluated, more effective
and economical ways to prevent depressive symptoms can be identified accordingly.
To address these aforementioned gaps in the literature, the present study explored the association
between AST and depressive symptoms among the adolescents of 26 LMICs using the Global School-
based Health Survey (GSHS) data. It was hypothesized that adolescents with AST would be less likely to
have self-reported depressive symptoms.
2 Methods
2.1 Study Survey
Publicly available data from the Global School-based Student Health Survey (GSHS) were analyzed.
Details on this survey can be found at http://www.who.int/chp/gshs and http://www.cdc.gov/gshs. Briefly,
the GSHS was jointly developed by the World Health Organization and the United States Centers for
Disease Control and Prevention and other United Nations allies. The core aim of the survey was to assess
and quantify risk and protective factors of major non-communicable diseases. The survey used a
standardized two-stage probability sampling design for the selection process within each participating
country. For the first stage, schools were selected with probability proportional to size sampling. The
second stage involved the random selection of classrooms which included students aged 12–15 years
within each selected school. All students in the selected classrooms were eligible to participate in the
survey regardless of age. To provide high quality data and reduce the bias during data collection, surveys
of each country were standardized and comparable across countries, and well-trained research staff
conducted the survey, in cooperation with local education department and medical administration.
Data collection was performed during one regular class period. The questionnaire was translated into the
local language in each country and consisted of multiple-choice response options. Students recorded their
response on computer scanned sheets. All GSHS surveys were approved, in each country, by both a
national government administration (most often the Ministry of Health or Education) and an institutional
review board or ethics committee. Student privacy was protected through anonymous and voluntary
participation, and informed consent was obtained as appropriate from the students, parents, and/or school
officials. Data were weighted for non-response and probability selection. Country survey having variables
of active school travel and depressive symptoms were included into this study (n = 26; after excluding
4 countries that either AST or depressive symptoms not assessed). Because the GSHS is an iterative
survey study with updates every 4 or 5 years, the latest dataset of each survey was included in the present
analysis (Year: 2003–2008).
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2.2 Active School Travel (Exposure)
Active school travel was assessed by one single question: “How many days did you walk or ride a
bicycle to and from school during the past 7 days?” Participants self-reported their responses according to
their actual situations (responses: 0–7 days as integer). Participants having 5 days or more for walking or
cycling were regarded as being active, whereas those not reporting 5 days or more for walking or cycling
were regarded as being passive. The rational for selecting 5 days or more is that adolescents normally
have 5 days for schooling per week, which is in line with a previous study [27].
2.3 Depressive Symptom (Outcome)
Depressive symptoms were assessed by one single question “During the past 12 months, did you ever
feel so sad or hopeless almost every day for two weeks or more in a row that you stopped doing your usual
activities?” Responses were yes and no. Participants answering yes were considered as having depressive
symptoms, in line with previous studies [26].
2.4 Control Variables
Gender [19,24,26], age [19,24,26], physical activity [19,24,26], sedentary behavior [19,24,26], and food
insecurity [26] were regarded as covariates based on previously published research. To assess levels of physical
activity, a reliable and valid measure was used [28]. The questions asked about the number of days with
physical activity of at least 60 min during the past 7 days and during a typical week [28]. This did not
include physical activity during physical education or gym classes. The number of active days during the
past week and a typical week were averaged, in line with previous studies [26]. Sedentary behavior was
assessed with the question “How much time do you spend during a typical or usual day sitting and
watching television, playing computer games, talking with friends, or doing other sitting activities?” with
answer options: <1, 1–2, 3–4, 5–6, 7–8, and ≥ 8 h/day. Food insecurity was assessed by the question
“During the past 30 days, how often did you go hungry because there was not enough food in your home?”
The answers consisted of always, most of the time, sometimes, rarely, and never.
2.5 Statistical Analysis
All the statistical analyses were performed with SPSS 25.0 and R. For descriptive analyses, SPSS was
used to calculate the prevalence of AST and depressive symptoms, respectively. The prevalence of AST and
depressive symptoms by gender and country was also calculated. Multivariable logistic regression analysis
was implemented by SPSS to assess the association between AST and depressive symptoms (overall, by
gender and country). The variables of AST and depressive symptoms were binary. The regression was
analysis was adjusted for age, gender, physical activity, sedentary behavior, and food insecurity, as well
as country, with the exception of the gender-stratified and country-wise analyses which were not adjusted
for gender and country, respectively.
This meta-analytic method was evaluated via RStudio (1.4.1103). To assess the level of between-country
heterogeneity, the Higgin’s I2 statistic was calculated based on country-wise estimates using R. This
represents the degree of heterogeneity that is not explained by sampling error with a value of <40% often
considered as negligible and 40%–60% as moderate heterogeneity [29]. A pooled estimate was obtained
by combining the estimates for each country into a random effect meta-analysis. All variables were
included in the regression analyses as categorical variables with the exception of age and PA (continuous
variables). Under 3.8% of the data were missing for all the variables used in the analysis. Complete case
analysis was done. Taylor linearization methods were used in all analyses to account for the sample
weighting and complex study design. Within the GSHS protocol, weighting accounted for the probability
of selection of schools and classrooms, non-responding schools and students. Results from the logistic
regression analyses are presented as odds ratios with 95% confidence intervals (CIs). The statistical
significance level was p < 0.05.
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3 Results
The final sample comprised 51,702 adolescents aged 12–15 years with a mean age of 13.8 years
(SD = 1.0) and 49.3% were males (Tab. 1). More information concerning covariates can be found in
Tab. 1 as well. The individual samples from different study countries were surveyed from 2003 to
2008 with response rates ranging 69% (Uganda) to 100% (Jordan). The overall prevalence of depressive
symptoms was 30.1%, while the prevalence of active school travel (active 5 or more days) was 37.0%
(see Tab. 1). Tab. 2 shows the prevalence of active school travel (active) and depressive symptoms (yes)
of each country samples. More specifically, the prevalence of depressive symptoms by country ranged
from 16.6% (Thailand) to 51.4% (Zambia), and the prevalence of active school travel for each country
ranged from 14.4% (St Lucia) to 75.8% (China).
Table 1: Sample characteristics in this study
Overall sample Weighted (%)
n %
Total 51702 100 /
Gender
Boy 24765 47.9 49.3
Girl 26937 52.1 50.7
Age (mean ± SD) 13.8 1.0 13.8 ± 0.9
Food insecurity
Never 28643 55.4 50.1
Rarely 9358 18.1 21.2
Sometimes 10237 19.8 22.5
Most of the time 2171 4.2 4.1
Always 1293 2.5 2.1
Sedentary behavior
Less than 1 h per day 17527 33.9 31.9
1 to 2 h per day 18147 35.1 36.4
3 to 4 h per day 9306 18.0 19.3
5 to 6 h per day 3154 6.1 6.5
7 to 8 h per day 1241 2.4 2.3
More than 8 h per day 2327 4.5 3.6
Physical activity (mean ± SD) 3.4 2.3 3.4 ± 2.2
Active school travel
Passive 33865 65.5 63.0
Active 17837 34.5 37.0
Depressive symptoms
Negative 35726 69.1 69.9
Positive 15976 30.9 30.1
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Tab. 3 presents the results from multivariable logistic regression. Results for crude model can be found
in Tab. 3. Results showed that adolescents with AST were less likely to have depressive symptoms
(OR = 0.88, 95%CI: 0.85–0.93, p < 0.001) after adjusting for age, gender, PA, SB, and food insecurity as
well as country. Similarly, for male adolescents, those with AST had lower odds ratio for depressive
symptoms (OR = 0.84, 95%CI: 0.79–0.90, p < 0.005) after adjustment for age, PA, SB, and food
insecurity as well as country. There was also a significant association among female adolescents (OR =
0.92, 95%CI: 0.87–0.98, p < 0.01).
The country-wise association between active school travel and depressive symptoms is shown in Fig. 1.
The pooled estimate from a meta-analysis for all the samples was 0.88 (95%CI: 0.82–0.94) with a moderate
level of between-country heterogeneity (I2 = 59.8%). There was significant heterogeneity between country
groups (p = 0.000).
Table 2: The prevalence of active school travel and depressive symptoms by country
Country N Year Response rate (%) Active school travel (%) Depressive symptoms (%)
Argentina 1403 2007 77.1 55.4 29.6
Botswana 1252 2005 95 29.0 39.4
Chile 1900 2004 85 49.8 30.8
China 2126 2003 99 75.8 18.3
Djibouti 913 2007 83 35.4 37.7
Ecuador 1716 2007 85.6 17.8 25.4
Egypt 4475 2006 87 37.0 35.3
Grenada 1127 2007 78 16.8 23.2
Guyana 980 2004 80 18.7 32.8
India 6553 2007 83 42.1 24.4
Indonesia 2939 2007 93.1 46.8 21.0
Jordan 1490 2007 100 30.4 37.1
Kenya 2403 2005 84 25.6 47.9
Morocco 1838 2006 84 24.4 37.2
Philippines 3792 2003 79 22.2 40.2
Seychelles 969 2007 82 29.4 32.1
Sri Lanka 2388 2008 89 41.9 31.8
St Lucia 1000 2007 82 14.1 23.3
St Vincent 1022 2007 84 19.9 27.5
Tanzania 1635 2006 87 16.8 24.0
Thailand 2490 2008 93 28.0 16.6
Tunisia 2391 2008 83 50.5 36.1
Uganda 1646 2003 69 29.1 39.7
Uruguay 421 2006 71.2 69.4 17.6
Venezuela 1867 2004 86 14.5 22.0
Zambia 966 2004 70.0 19.2 51.4
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Table 3: Association between active school travel and depressive symptoms estimated by multivariable logistic
regression (overall and by gender)
Overall Boys Girls
Crude model Adjusted model Crude model Adjusted model Crude model Adjusted model
OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Active school
travel
Passive Reference group Reference group Reference group Reference group Reference group Reference group
Active 0.89 0.84 0.96 0.88 0.85 0.93 0.78 0.70 0.87 0.84 0.79 0.90 0.88 0.77 0.96 0.92 0.87 0.98
Gender
Boy 0.86 0.80 0.93 0.83 0.77 0.90 / /
Girl Reference group Reference group
Food
insecurity
Never 0.48 0.40 0.58 0.49 0.41 0.60 0.46 0.36 0.59 0.47 0.36 0.62 0.46 0.36 0.59 0.51 0.40 0.65
Rarely 0.59 0.49 0.72 0.64 0.52 0.78 0.62 0.48 0.81 0.69 0.52 0.91 0.52 0.40 0.67 0.59 0.45 0.76
Sometimes 0.78 0.64 0.94 0.80 0.66 0.98 0.76 0.58 0.99 0.75 0.55 1.02 0.73 0.57 0.95 0.84 0.66 1.08
Most of the
time
1.15 0.93 1.41 1.03 0.84 1.27 1.09 0.80 1.50 0.99 0.72 1.36 1.13 0.86 1.48 1.06 0.81 1.38
Always Reference group Reference group Reference group Reference group Reference group Reference group
Sedentary
behavior
Less than 1 h
per day
0.67 0.57 0.79 0.62 0.53 0.72 0.67 0.55 0.81 0.62 0.49 0.79 0.68 0.54 0.86 0.61 0.49 0.76
1 to 2 h per
day
0.56 0.48 0.65 0.57 0.49 0.66 0.53 0.43 0.65 0.55 0.44 0.69 0.59 0.48 0.73 0.59 0.48 0.72
3 to 4 h per
day
0.68 0.58 0.80 0.70 0.60 0.83 0.63 0.52 0.78 0.67 0.53 0.85 0.72 0.58 0.89 0.72 0.58 0.90
5 to 6 h per
day
0.70 0.60 0.82 0.74 0.62 0.88 0.69 0.54 0.86 0.72 0.55 0.93 0.71 0.56 0.90 0.76 0.59 0.97
7 to 8 h per
day
0.84 0.63 1.11 0.80 0.57 1.12 0.77 0.54 1.11 0.74 0.48 1.16 0.92 0.65 1.30 0.85 0.58 1.23
More than 8 h
per day




0.96 0.94 0.98 0.97 0.96 0.99 0.93 0.89 0.95 0.96 0.94 0.98 0.96 0.93 0.98 0.99 0.96 0.99
Age (mean ±
SD)
1.15 1.10 1.21 1.14 1.09 1.19 1.16 1.10 1.21 1.14 1.08 1.20 1.16 1.08 1.25 1.13 1.06 1.21
Country
(Continued)
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4 Discussions
To our knowledge, the present study is one of the few to explore the association between AST and
depressive symptoms among adolescents and is the first to examine the association more globally among
LMICs. The study found that adolescents engaging in AST had lower odds of depressive symptoms
across the countries examined. Concerning the national difference of association between AST and
depressive symptoms, the present study indicates a moderate inconsistency.
As the first multinational investigation confirming a negative association between AST and depressive
symptoms among adolescents, the findings are supported by other single-country or regional study samples
[19,24]. From a global perspective, AST may play an important role in reducing depressive symptoms
among adolescents, which offers implications for policymakers and researchers. Although the mechanism
associating AST and depressive symptoms remains unknown, some plausible interpretations can be
proposed. One major behavioral explanation is that AST improves overall PA level [18]. Higher levels of
PA have been recognized as a driver in lower depressive symptoms [6,7,30]. Collectively, adolescents
with AST appear to have sufficient PA, which may reduce their depressive symptoms. Additionally, AST
Table 3 (continued).
Overall Boys Girls
Crude model Adjusted model Crude model Adjusted model Crude model Adjusted model
OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Argentina 0.40 0.31 0.52 0.60 0.45 0.81 0.32 0.22 0.46 0.5 0.32 0.78 0.48 0.35 0.66 0.69 0.49 0.96
Botswana 0.61 0.50 0.75 0.72 0.56 0.91 0.63 0.45 0.88 0.74 0.5 1.12 0.63 0.49 0.80 0.69 0.52 0.91
Chile 0.42 0.33 0.53 0.71 0.54 0.95 0.28 0.20 0.38 0.48 0.32 0.71 0.62 0.45 0.86 0.98 0.70 1.38
China 0.21 0.17 0.26 0.36 0.28 0.46 0.25 0.18 0.34 0.42 0.29 0.61 0.20 0.15 0.25 0.32 0.24 0.42
Djibouti 0.57 0.46 0.71 0.76 0.60 0.98 0.59 0.43 0.81 0.77 0.53 1.11 0.59 0.43 0.81 0.75 0.53 1.05
Ecuador 0.32 0.25 0.42 0.54 0.41 0.71 0.29 0.20 0.41 0.47 0.31 0.7 0.38 0.27 0.53 0.61 0.43 0.86
Egypt 0.52 0.40 0.67 0.87 0.66 1.15 0.49 0.35 0.69 0.78 0.52 1.16 0.59 0.41 0.84 0.98 0.68 1.39
Grenada 0.29 0.23 0.36 0.38 0.29 0.49 0.28 0.20 0.40 0.36 0.24 0.55 0.30 0.22 0.40 0.39 0.28 0.54
Guyana 0.46 0.36 0.59 0.61 0.48 0.78 0.42 0.28 0.62 0.54 0.36 0.81 0.50 0.39 0.64 0.67 0.51 0.87
India 0.31 0.25 0.38 0.52 0.41 0.66 0.34 0.25 0.47 0.57 0.39 0.83 0.28 0.22 0.37 0.46 0.34 0.61
Indonesia 0.25 0.20 0.32 0.36 0.28 0.46 0.26 0.19 0.37 0.37 0.25 0.53 0.26 0.19 0.34 0.36 0.27 0.48
Jordan 0.56 0.43 0.72 0.74 0.56 0.97 0.41 0.29 0.59 0.53 0.35 0.79 0.73 0.53 1.01 0.94 0.67 1.32
Kenya 0.87 0.72 1.05 1.12 0.89 1.40 0.97 0.72 1.33 1.29 0.89 1.88 0.82 0.64 1.04 0.99 0.75 1.30
Morocco 0.56 0.45 0.70 0.80 0.62 1.03 0.54 0.38 0.76 0.72 0.48 1.08 0.62 0.48 0.80 0.88 0.66 1.15
Philippines 0.64 0.52 0.78 0.81 0.64 1.02 0.64 0.47 0.86 0.76 0.52 1.1 0.66 0.51 0.84 0.84 0.65 1.10
Seychelles 0.45 0.38 0.53 0.56 0.46 0.69 0.43 0.32 0.56 0.5 0.36 0.71 0.48 0.39 0.60 0.61 0.49 0.77
Sri Lanka 0.44 0.35 0.55 0.74 0.58 0.94 0.52 0.36 0.75 0.86 0.57 1.29 0.40 0.31 0.51 0.64 0.48 0.85
St Lucia 0.29 0.23 0.36 0.38 0.29 0.50 0.24 0.17 0.34 0.31 0.2 0.48 0.34 0.25 0.46 0.44 0.32 0.60
St Vincent 0.36 0.28 0.45 0.49 0.38 0.64 0.31 0.21 0.45 0.44 0.29 0.68 0.42 0.31 0.57 0.53 0.39 0.73
Tanzania 0.30 0.24 0.36 0.51 0.40 0.65 0.38 0.27 0.52 0.6 0.41 0.87 0.25 0.19 0.34 0.44 0.33 0.60
Thailand 0.19 0.15 0.24 0.27 0.21 0.35 0.23 0.16 0.32 0.33 0.22 0.48 0.17 0.13 0.22 0.23 0.17 0.31
Tunisia 0.54 0.43 0.66 0.86 0.67 1.09 0.48 0.35 0.66 0.77 0.52 1.12 0.62 0.47 0.80 0.94 0.71 1.24
Uganda 0.62 0.50 0.77 0.84 0.66 1.05 0.65 0.46 0.91 0.86 0.58 1.28 0.63 0.49 0.82 0.81 0.62 1.06
Uruguay 0.20 0.15 0.28 0.33 0.23 0.47 0.13 0.06 0.28 0.25 0.11 0.55 0.26 0.17 0.39 0.39 0.26 0.58
Venezuela 0.27 0.22 0.32 0.46 0.37 0.58 0.26 0.19 0.37 0.44 0.3 0.65 0.28 0.22 0.36 0.48 0.37 0.62
Zambia Reference group Reference group Reference group Reference group Reference group Reference group
Note: OR=Odds ratio; CI=confidence interval.
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is a type of behavior which interacts with social and environmental surroundings (e.g., children walking to
school may be doing so with their friends), which may also lead to reduced negative emotions [31] and
positive mood [25]. On this point, reduced negative emotion and increased positive mood may give rise
to decreased depressive symptoms among adolescents. The third explanation may be relevant to stress
that originates from biopsychosocial changes during the adolescence. AST may be a good way to release
stress [32] and can also improve fitness [18] that can regulate stress responses [32]. However, more
research with improved study design should be adopted to explore the mechanism associating AST and
depressive symptoms.
Inconsistent with one previously published study [19], the present study found a significant negative
relationship between AST and depressive symptoms irrespective of gender. A study by Gu et al. using
similar measures of depressive symptoms to our study [19] found a significant association between AST
and depression symptoms only existed among boys rather than girls. The discrepancy may be due to the
cutoff of being active in school travel. In the current study, 5 days was adopted as a cutoff to categorize
participants into either “active” or “passive” commuters whereas Gu et al. used 7 days [19]. This
Figure 1: Country-wise association between active school travel and depressive symptoms estimated by
multivariable logistic regression. Note: OR = Odds ratio; CI = confidence interval; Models were adjusted
for overall estimate was calculated by meta-analysis with random effects
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difference in measurement of being physically active in school travel may be the explanation for the different
findings. Also, differences of sample characteristics of the two studies might also be another explanation.
However, although the present study and that by Gu et al. [19] have contrary findings, more studies are
required to explore whether the association between AST and depressive symptoms varies by gender.
Another research finding in the present study was that the association between AST and depressive
symptoms had a moderate inconsistency across different countries. In other words, the positive roles of
AST on reducing depressive symptoms among adolescent varied greatly across the countries, which may be
due to differences in socioeconomic status and cultural backgrounds. Therefore, it is worth noting that
examining the role of AST in reducing depressive symptoms should be based on each country’s situation.
More specifically, it means that designing or implementing AST interventions to improve mental health,
policymakers need to take into account specific circumstances and multiple factors in each country, such as
built environmental (e.g., walk lanes, traffic problems) and social security.
We have to admit that owing to the nature of study design (cross-sectional) in the GSHS, the current
study failed to examine the bidirectionality of the AST-depression association. Clearly, it is urgently
needed to carry out longitudinal studies to determine if there is a casual association between AST and
depressive symptoms in adolescents. Given the fact that depressive symptoms could result in lower levels
of PA [33], which may reduce the possibility of attending AST as it is a component of PA. However, to
the best of our knowledge, it remains largely unknown about which one is a precursor in terms of the
AST-depression association among adolescents. This underpins the importance of clarifying direction of
the association between AST and depressive symptoms.
As the current study found the negative association between AST and depressive symptoms in
adolescents, promoting AST is an urgent required action plan.
4.1 Limitation, Strengths and Future Research
The research findings reported here should be interpreted in light of some limitations. First, the study
was a cross-sectional investigation, which fails to provide true cause-and-effect association. Future
longitudinal studies are required to further confirm the AST-depression association found in this age
group or any other age group. Another limitation involves the measures for AST and depressive
symptoms. For example, AST level was measured based on a single self-reported question and this
approach failed to gain other important information (AST type [walking or cycling], distance between
home and school, whether the way of travel is chosen or a given circumstance) that may also be closely
associated with adolescent depression. Future studies are encouraged to explore the association between
AST-related features (e.g., type, destination, and patter of AST) and mental health outcomes. Similarly,
the measure for depressive symptoms was also a single self-reported question, with a sensitivity and
specificity that remains unclear. Using this kind of measure can capture the information on depressive
symptoms among adolescents quickly and easily but is subject to measurement error. Third, it is well-
known that depressive symptoms of adolescents are also influenced by some other factors including
parental education or environmental variables, but they were not collected in the present study. This
denotes the present study lacks some important covariates, which may cause errors in testing the research
hypothesis. Fourth, our study did not include differences caused by survey years on study findings, which
should be considered in future studies. Fifth, our study was based on samples from LMICs where
adolescents are more likely to have higher crime rate and unwell-designed built environment for AST.
Such real-world attributes may affect AST. Hence, future studies should consider these factors in
examining the association between AST and mental health outcomes. Taken together, future studies
should address the aforementioned limitations to provide more robust evidence.
However, the strengths of this study include large-size sample and data from a multinational perspective.
Therefore, the research findings have wider generalizability, which could be applied in global depression
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prevention efforts among adolescents. Another strength of the study is that it is one of the very few studies
exploring the relationship between AST and depressive symptoms among adolescents. This novelty is
beneficial in developing new action plans or initiatives in preventing depression and reducing other
mental or physical illnesses among young people. Given the preliminary evidence from the study, the role
of AST impacting on mental health can be further expanded. Future public health interventions or
initiatives should incorporate AST into health promotion plans for adolescent health development in
respective contexts. Designing viable AST-promoting strategies may be also as effective in preventing
depressive symptoms when possible and appropriate.
5 Conclusions
The present study offers multinational evidence on the association between active school travel and
depressive symptoms among adolescents, indicating that adolescents with AST are less likely to have
depressive symptoms irrespective of gender. However, this finding should be more fully explained based on
each country’s specific situations, including social and cultural factors. Based on the research findings,
future study should attempt to confirm the roles of AST in promoting mental health among adolescents and
explore further the underlying mechanisms. Study findings may provide researchers and policymakers to
develop effective policies and action plans to decrease depressive symptoms among adolescents.
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